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Figure 3.3
The Narrows

Acid Sulfate Soils Hazard Mapping
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Gas pipeline route

Watercourse

Acid sulfate soils study area

Acid Sulfate Soils - Depth to potential

S0

S1

S1/S2

A0S0

A0S1A0S1

a0LP

A1S1

a2LP

SLA

LP

NA

S0 - PASS within 0.5m of ground surface
S1 - PASS within 1.0m of ground surface
A0 - AASS within 0.5m of ground surface
A1 - AASS within 1.0m of ground surface
a2LP - Strongly acidic layers occur from 1.0m to 2.0m 
           below ground surface in land with a low probability 
           of ASS occurrence
SLA - Not classified
LP - Land with low probabilty of acid sulfate soil occurrence
NA - Land not assessed
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4. Results 

As described within Section 2, this assessment was undertaken in two separate components: sub-tidal 
crossing and mudflats crossing.  As such the laboratory results and discussion are summarised in a 
similar fashion.  The summary of results tables are provided within Appendix 3, while laboratory 
reports, laboratory QA/QC and chain of custody/sample receipt documentation are provided in 
Appendix 4. 

4.1 Physical 

Sample cores were lithologically logged during sample processing for each coring location.  The 
borelogs produced are provided in Appendix 1 while stratigraphic transects across the study area are 
illustrated on Figure 4.1.  Generalised soil types and depths encountered are provided in Table 4.1. 

Narrows sub-tidal (W samples) 
Twenty-two (22) cores were completed within the Narrows sub-tidal crossing with refusal depths 
ranging from 0.05 to 2.6m below the sea floor.  Very shallow refusal depths (ranging from 0.05m to 
0.5m) were encountered at W9 to W14 which are located within the centre of the Narrows sub-tidal 
crossing.  Refusal occurred in very firm clay and coarse material such as coarse (20-60mm) fragments 
and shells.  Refusal at W06, W08, W09, W17, W18 and W19 occurred as a result of very firm clays 
which may or may not be the very stiff non-ASS Pleistocene clay as described in proponent work.  The 
fine Holocene sediments (refer Table 3.1) were generally not encountered at these locations as they 
are thought to have been removed by currents.  Such currents are understood to run at approximately 
2 knots or 1.1m/s (Qld Govt, 2009), i.e. strong enough to prohibit fine sediment settling.  This is 
supported by particle size distribution undertaken on 0.5m interval samples and reported within The 
Narrows Pipeline Crossing - Sediment Characterisation Report (WorleyParsons, 2010) and provided in 
Appendix 5.  This data indicates there is a greater proportion of coarse material on the western margin 
of the crossing, while indicating a greater proportion of finer material (clay and silts) on the east.  This 
was also reflected within borelogs (refer Appendix 1). 

The material encountered on the western margin of the Narrows sub-tidal crossing is indicative of 
material found on Curtis Island.  For example, coarse brown sand present on the beach of Laird Point, 
Curtis Island is evident in the layers of sample points W08 to W19.  Closer to Curtis Island (W20 to 
W22 and MF32), sediment encountered is indicative of intertidal material located on the eastern edge 
of Curtis Island where the pipeline route traverses.  

The material encountered on the eastern margin of the Narrows sub-tidal crossing is indicative of the 
material encountered on the Narrows mudflats crossing: dark to very dark grey silty clay.  Here, the 
vibracore could penetrate deeper into the sediment as it was not restricted by unconsolidated coarse 
sediments.  These silty clays were generally very weak and wet on the surface (approximately 0.05-
0.4m thick) with limited plasticity.  Deeper, these silty clays become less moist, firm to very firm and 
very plastic.   

Organic matter in the form of thin fibrous mats / layers and thick coarse roots were common at most 
locations and ranged in size from very fine (<1mm) to coarse (>5mm) and in quantity from few (1-10 
fine roots per 0.01m2) to abundant (5 medium to coarse roots per 0.01m2).  This organic matter is 
expected to have originated from fringing mangroves which occur on both the mainland and Curtis 
Island.  Soils supporting these mangroves are also known to have the highest levels of oxidisable 
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sulfur (refer Section 3.1.2).  Sulfur odours detected at many locations are expected to have occurred 
as a result of the anaerobic decomposition of organics material.  

Shell material was encountered at each sub-tidal sampling location.  This material ranged in size from 
very fine (<2-6mm) to coarse (20-60mm) and in quantity from very few (<2%) to abundant (>90%).  
This material contributes to a soil’s natural acid buffering capacity, so much so that all acid generating 
capacity may be neutralised in some cases (refer Section 4.3.3 and 4.3.4).   

Narrows Mudflats (MF samples) 

Thirty (30) cores were completed within the Narrows mudflat crossing.  These cores encountered two 
main soil types: brown silty clays and dark to very dark grey silty clays.  The brown silty clays were 
generally encountered as a crusty surface layer at most locations, with the exception of MF03, MF12, 
MF29, MF30 and MF32.  This sheet washed soil is suspected of originating from terrestrial sources 
adjacent to the mudflats deposited by erosion.  Sample points MF03, MF12 are located within tidal 
creeks.   MF29 and MF30 are located within the intertidal flat adjacent to the sub-tidal crossing 
therefore periodically submerged even during smaller high tides.  MF32 is located on the intertidal flat 
adjacent to Curtis Island but is still located within the sub-tidal crossing and therefore periodically 
submerged on smaller tides. 

The brown silty clays transitioned into the underlying dark to very dark grey silty clays which were 
encountered at each location with the exception of MF05, MF06 and MF07.  MF06 is located on an 
extratidal flat which has been classified as having a commonly low ASS hazard rating (refer Section 
3.1.4 and Figure 2.1, Figure 3.3).  This is a similar result to that reported by ERM (2009).  Greyish 
green silty clay was also encountered at MF05, MF06 and MF07.  This texture was firm to very firm 
and generally occurred from approximately 1mBGL.  

Grey, brown, red and yellow mottling was noted at several locations, however, the iron segregation 
(red, yellow and brown mottling) illustrated by Ross (2005) was only encountered in surface samples 
at MF13, MF14 and MF17 (refer Appendix 1 and Appendix 2).  This generally indicates the oxidation 
of sulfides (if present) has occurred and actual acidity may be present.  However, as described later in 
Section 4.3, actual acidity results (TAA results) were negligible.  Grey, brown, yellow and red mottling 
was also noted within samples collected at MF05, MF06 and MF07, all of which were non-AASS and 
non-PASS. In these soils, this mottling is likely to be the result of oxidisation of non-sulfidic 
compounds.  

The dark to very dark grey silty clays reported by ERM (2009) were encountered on the intertidal and 
supratidal flats, but also identified within the eastern portion of the sub-tidal crossing.  These soils 
were generally weak to firm, very sticky, very plastic and moist near the surface.  Deeper levels of the 
profile become firm to very firm.  On occasion, fine to medium sand was encountered, however thick 
layers were noted at MF02, MF22 and MF26.  Based on ASS hazard identification (refer Section 3.1 
and Figure 3.3), silty clays and sands within the intertidal and supratidal flats were rated as very high 
and extreme respectively.  

Refusal depths across the mudflats ranged from 0.3 to 3.0m below the sampling surface with the 
shallowest refusal depths encountered within Humpy Creek (0.3m) and Targinie Creek (0.4m).  These 
two locations were both submerged at the time of coring.  Refusal at MF03 was encountered on light 
yellowish brown silty sandy clay which is evident in the surrounding surface soils encountered at many 
locations (described above) but most dominant on the landward side (west) of Targinie Creek.  
Refusal at MF12 was encountered on very dark grey silty clay which is representative of the 
surrounding subsoils encountered across the mudflats.  
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Across the intertidal and supratidal flats, refusal depths ranged from 0.6mBGL to 3.5mBGL.  The 
shallowest refusal depth was encountered in coarse gravel at MF32 which was located on the 
intertidal flat of Curtis Island.  As noted within the Australia Pacific draft EIS, colluvial material (gravel) 
on Curtis Island was identified as material originating from the underlying geology, i.e. the Wandilla 
Formation.  Refusal at MF09, MF10, MF15 and MF18 occurred as a result of very firm or stiff clays, 
which may or may not be the very stiff residual material of Pleistocene origin.  Other locations where 
refusal occurred were the result of firm to very firm Holocene clays.  In many cases, core recovery 
rates were not equal to refusal depth, but were generally close to the proposed disturbance depth of 
2.3m.  As described in Table 2.2, this was attributed to the very sticky nature of these clays ‘plugging’ 
the vibracore.   

With the exception of MF05, MF06, MF07 and MF08, organic matter in the form of thin fibrous mats / 
layers and thick coarse roots were common at most locations and ranged in size from very fine 
(<1mm) to coarse (>5mm) and in quantity from few (1-10 fine roots per 0.01m2) to abundant (5 
medium to coarse roots per 0.01m2).  This organic matter, which generally occurred in soil layers 
thicker than 1m, is expected to have originated mainly from mangroves fringing the tidal creeks.  Sulfur 
odours detected at many locations are expected to have occurred as a result of the anaerobic 
decomposition of the organic material.  

Shell material was encountered at mudflat sampling locations MF15 to MF30.  Shells generally 
occurred at nominal depths ranging from 1mBGL to 2mBGL within the subsoil layers of dark grey silty 
clay and were generally fine (2-6mm) in size and few (2-10%) in quantity.  This was a similar results to 
that reported by ERM (2009).  Medium and coarse occurrences were noted within MF15 and MF28 
respectively.  Shell quantity was such that it was insufficient to neutralise all the acid generating 
capacity (refer Section 4.3.3 and 4.3.4). 

Very shallow groundwater was encountered at all sample points across the mudflats.  This ranged in 
depth from 0.2mBGL to 1.0mBGL.  Where high tides advanced over locations at the time of sampling, 
the standing water level was recorded as 0.0m as high tides will obviously cause a fully saturated 
profile for soils located in the intertidal zone.  The brown surface soil was generally dry for the full 
profile depth, however the remainder of the profiles across all mudflat sampling locations had some 
moisture.  

In addition to the above generalised soil descriptions, no straw yellow jarosite was noted during the 
investigation. 
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Table 4.1 Generalised Site Soil Characteristics 

General 
location 

Approximate Depth 
of profile (m) Texture Colour Consistency Organics Shells Odour 

0.0 – 0.4 Silty CLAY / 
clayey SILT 

Dark to very dark 
grey 

Very weak, slightly plastic, 
very sticky, wet 

Very few to abundant 
very fine to coarse 

Few to abundant 
fine to coarse 

Sulfurous 

0.4 – 1.0 Silty CLAY Dark grey Weak, very plastic, very 
sticky, moist 

Few to many fine to 
medium 

Few to abundant 
fine to coarse 

Sulfurous Sub-tidal – 
east 

1.0 – 2.6 
Silty CLAY Dark grey Firm to very firm, very plastic, 

very sticky, dry to moist 
Common to abundant 
fine to coarse 

No shells to 
abundant fine to 
coarse 

No odour to 
sulphurous 

*Sub-tidal – 
central 0.0 – 0.5 Silty, gravelly 

CLAY 
Dark grey Weak, slightly plastic, very 

sticky 
Abundant fine to 
coarse 

Common fine No odour 

0.0 – 0.3 Clayey SILT Very dark grey Very weak, slightly plastic, 
very sticky 

Many to abundant 
fine to coarse 

Many to abundant 
fine to coarse 

Sulfurous 
Sub-tidal - 
west 

0.3 – 1.0 Silty CLAY Dark grey Weak to firm, very plastic, 
very sticky 

Common to abundant 
fine to coarse 

Few to many very 
fine to fine 

Sulfurous 

0.0 – 0.15 Silty CLAY Very dark grey Weak to firm, very plastic, 
very sticky, wet 

Few fine No shell No odour 

0.15 – 0.3 
Sandy CLAY Light yellowish 

brown 
Weak, very plastic, very 
sticky, wet 

No organics No shell No odour 

0.0 – 0.3 
Gravelly 
SAND 

Brown Loose, non plastic, non sticky, 
wet 

No organics No shell No odour 
Tidal creek 

0.3 – 0.4 
Silty CLAY Very dark grey Firm, very plastic, moderate 

stickiness, dry 
No organics No shell No odour 

**0.0 – 0.1 
Silty CLAY Brown  Weak to firm, very plastic, 

moderately to very sticky, dry 
Many fine to coarse 
organics 

No shell No odour 

***0.0 – 0.1 Silty CLAY Dark grey Firm, very plastic, very sticky, 
moist 

Abundant fine to 
coarse organics 

No shell Sulfurous 

**0.1 – 1.75 Silty CLAY Greenish grey Firm to strong, very plastic, 
slightly to very sticky, dry 

Few to many fine to 
coarse organics 

No shell Sulfurous 
Intertidal flat 

***0.1 – 2.5 Silty CLAY Dark to very dark Weak to firm, very plastic, Abundant fine to Few fine Sulfurous 
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General 
location 

Approximate Depth 
of profile (m) Texture Colour Consistency Organics Shells Odour 

grey very sticky, moist coarse 

0.0 – 0.1 Silty CLAY Brown Very firm, very plastic, very 
sticky 

No organics No shell No odour 

**0.1 – 1.5 Silty CLAY Very dark 
greenish grey 

Firm to strong, very plastic, 
very sticky, dry 

No organics to very 
few fine 

No shell No odour 

***0.1 – 1.0 Silty CLAY Dark to very dark 
grey 

Weak to firm, very plastic, 
very sticky, moist 

Abundant fine to 
coarse 

No shell Sulfurous 

1.0 – 2.0 Silty CLAY Dark to very dark 
grey 

Weak to firm, very plastic, 
very sticky, dry to moist 

Few to abundant fine 
to coarse 

Few fine Sulfurous 

Supratidal 
flat 

2.0 – 2.5 Silty CLAY Very dark grey Firm, very plastic very sticky, 
moist 

Abundant fine to 
coarse 

No shell Sulfurous 

0.0 – 0.1 Silty CLAY 
(topsoil) 

Very dark greyish 
brown 

Firm, very plastic very sticky, 
dry 

Many fine No shell No odour 

0.1 – 0.75 Silty CLAY Brown to dark 
brown 

Firm to very firm, very plastic, 
moderately sticky, dry 

No organics No shell No odour 

0.75 – 1.25 Silty CLAY Greyish green to 
grey 

Firm, very plastic moderate to 
very sticky, dry 

No organics No shell No odour Extratidal flat 

1.25 – 3.0 
Silty CLAY Brown with 

yellowish red 
mottle 

Very firm, very plastic, slightly 
sticky, dry 

No organics No shell No odour 

Notes: 

* Mixed sediments (sand, silt, clay, gravel, shells) were encountered in this portion of the sub-tidal crossing.  

** Indicate general soil profile encountered on the landward (west) side of Targinie Creek 

*** Indicate general soil profile encountered on the seaward (east) side of Targinie Creek 
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Figure 4.1

Study area stratigraphic transects
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Study area stratigraphic transects
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Source Information

Satellite imagery 

     Captured by GeoEye-1 on 24 March 2009

 Acid sulfate soil sampling locations

     Supplied by WorleyParsons 31/05/2010

Acid sulfate soils study area

      Supplied by WorleyParsons 03/06/2010

Labratory Results

     Determined by Australian Laboratory Services (ALS)

     for soil samples collected by WorleyParsons May 2010

Gas pipeline route

Acid sulfate soils sampling locations

Acid sulfate soils study area
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Munsell soil colour (Refer to borelogs)

Cross Sections

Soil texture (Refer to borelogs)
Z

C

Core depth (Displayed with vertical exaggeration of 100)0.3m

Labratory results (mol H+/t)
TAA, Scr, net acidity, liming rate*

NOTE: Results exceeding QASSIT guidelines
of 18 mole H+/t are indicated in red)

<2 21
6

78 6*

M
F03 Sample location ID

Profile containing shells

*Liming Rate

>0.1 - 1kg

1 - 5kg

5 - 25kg

>25kg

<=0.1kg

Inferred boundary based on labratory results
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Figure 4.1

Study area stratigraphic transects
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Source Information

Satellite imagery 

     Captured by GeoEye-1 on 24 March 2009

 Acid sulfate soil sampling locations

     Supplied by WorleyParsons 31/05/2010

Acid sulfate soils study area

      Supplied by WorleyParsons 03/06/2010

Labratory Results
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Cross Sections
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Labratory results (mol H+/t)
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M
F03 Sample location ID

Profile containing shells

*Liming Rate
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Inferred boundary based on labratory results
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Figure 4.1

Study area stratigraphic transects
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LEGEND

Source Information

Satellite imagery 

     Captured by GeoEye-1 on 24 March 2009

 Acid sulfate soil sampling locations

     Supplied by WorleyParsons 31/05/2010

Acid sulfate soils study area

      Supplied by WorleyParsons 03/06/2010

Labratory Results

     Determined by Australian Laboratory Services (ALS)

     for soil samples collected by WorleyParsons May 2010

Gas pipeline route

Acid sulfate soils sampling locations

Acid sulfate soils study area

(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)(NOTE: MF11 and MF31 were inaccessible)

Munsell soil colour (Refer to borelogs)

Cross Sections

Soil texture (Refer to borelogs)
Z

C

Core depth (Displayed with vertical exaggeration of 100)0.3m

Labratory results (mol H+/t)
TAA, Scr, net acidity, liming rate*

NOTE: Results exceeding QASSIT guidelines
of 18 mole H+/t are indicated in red)

<2 21
6

78 6*

M
F03 Sample location ID

Profile containing shells

*Liming Rate

>0.1 - 1kg

1 - 5kg

5 - 25kg

>25kg

<=0.1kg

Inferred boundary based on labratory results
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Figure 4.1

Study area stratigraphic transects
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Source Information

Satellite imagery 

     Captured by GeoEye-1 on 24 March 2009

 Acid sulfate soil sampling locations

     Supplied by WorleyParsons 31/05/2010

Acid sulfate soils study area

      Supplied by WorleyParsons 03/06/2010

Labratory Results

     Determined by Australian Laboratory Services (ALS)

     for soil samples collected by WorleyParsons May 2010

Gas pipeline route

Acid sulfate soils sampling locations

Acid sulfate soils study area
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Munsell soil colour (Refer to borelogs)

Cross Sections

Soil texture (Refer to borelogs)
Z

C

Core depth (Displayed with vertical exaggeration of 100)0.3m

Labratory results (mol H+/t)
TAA, Scr, net acidity, liming rate*

NOTE: Results exceeding QASSIT guidelines
of 18 mole H+/t are indicated in red)

<2 21
6

78 6*

M
F03 Sample location ID

Profile containing shells

*Liming Rate

>0.1 - 1kg

1 - 5kg

5 - 25kg

>25kg

<=0.1kg

Inferred boundary based on labratory results
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Study area stratigraphic transects
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Source Information

Satellite imagery 

     Captured by GeoEye-1 on 24 March 2009

 Acid sulfate soil sampling locations

     Supplied by WorleyParsons 31/05/2010

Acid sulfate soils study area

      Supplied by WorleyParsons 03/06/2010

Labratory Results

     Determined by Australian Laboratory Services (ALS)
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Munsell soil colour (Refer to borelogs)

Cross Sections

Soil texture (Refer to borelogs)
Z

C

Core depth (Displayed with vertical exaggeration of 100)0.3m

Labratory results (mol H+/t)
TAA, Scr, net acidity, liming rate*

NOTE: Results exceeding QASSIT guidelines
of 18 mole H+/t are indicated in red)

<2 21
6

78 6*

M
F03 Sample location ID

Profile containing shells

*Liming Rate

>0.1 - 1kg

1 - 5kg

5 - 25kg

>25kg

<=0.1kg

Inferred boundary based on labratory results
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Figure 4.1

Study area stratigraphic transects
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Source Information

Satellite imagery 

     Captured by GeoEye-1 on 24 March 2009

 Acid sulfate soil sampling locations

     Supplied by WorleyParsons 31/05/2010

Acid sulfate soils study area

      Supplied by WorleyParsons 03/06/2010

Labratory Results
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Munsell soil colour (Refer to borelogs)

Cross Sections

Soil texture (Refer to borelogs)
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C

Core depth (Displayed with vertical exaggeration of 100)0.3m

Labratory results (mol H+/t)
TAA, Scr, net acidity, liming rate*

NOTE: Results exceeding QASSIT guidelines
of 18 mole H+/t are indicated in red)

<2 21
6

78 6*

M
F03 Sample location ID

Profile containing shells

*Liming Rate

>0.1 - 1kg

1 - 5kg

5 - 25kg

>25kg

<=0.1kg

Inferred boundary based on labratory results
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4.2 Preliminary field screening 

Field screening tests were carried out on 370 samples, the results of which are provided in Appendix 
3.  This test is used to compare the measured differences between pHF to pHFOX to assess the 
presence of actual and potential acidity.  Changes greater than 1 pH unit can be indicative of a PASS. 
The following results were reported:  

Narrows sub-tidal (W samples) 

• Field screening tests were carried out on 126 samples collected from the Narrows sub-tidal 
crossing, all of which had pHF values greater than 6.5.  This indicates each sampled tested has 
limited or no actual acidity 

• Initial reactions (rated by severity of bubbling) assessed following the addition of hydrogen 
peroxide to soil samples ranged from 1 to 2 across a range of depths.  This indicated a 
generally minor reaction and an absence or low presence of sulfides 

• pHFOX values for field screening samples collected within the Narrows sub-tidal crossing ranged 
from 2.05 to 8.75 pH units.  This indicates a range of sulfidic or organic matter levels with a 
highly variable potential to oxidise and generate acid 

• Four (4) samples returned pHFOX values less than pH 3. These samples also decreased from 
pHF values by more than 1 pH unit.  This strongly indicates a PASS 

• Three (3) samples returned pHFOX values between pH 3 and pH 4.  The pHF of these samples 
also decreased by more than 1 pH unit.  This indicates a PASS 

• Ten samples returned pHFOX values between pH 4 and 5, all of which decreased from pHF 
values by more than 1 pH unit.  These values are less indicative of PASS and were considered 
to require laboratory testing for the assessment of PASS 

• All other remaining samples returned pHFOX values greater than pH 5 and were thus not 
considered likely to be PASS 

Narrows Mudflats (MF samples) 

• Field screening tests were carried out on 243 samples collected from the Narrows mudflats 
crossing 

• pHF values ranged from pH 3.68 to pH 8.21.  Of these, five samples had pHF values between 
pH 4 and pH 5, while there was only one sample with a pHF value less than 4.  Furthermore, 
these six (6) samples were collected from only two locations: MF20 and MF21.  This indicates 
there was little actual acidity within samples collected from the Narrows mudflats, with the 
exception of MF21 and MF21.  These two sample points were located on the supratidal flats  

• pHF values for nearly all surface soil layers originating from terrestrial sources (i.e. brown silty 
clays) were either just below pH 7 or above.  This indicates an absence of actual acidity within 
this soil type.  The exceptions to this were surface soil samples collected from MF20 and MF21.  
The surface samples from these two locations were transitional layers with a mixture of both 
terrestrial soil and the very dark grey silty clay classified as PASS (refer Section 4.3) 

• Initial reactions assessed following the addition of hydrogen peroxide ranged from 1 to 3, with 
the most significant reactions noted in samples containing significant organic matter and shells   
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• pHFOX values for field screening samples collected within the Narrows sub-tidal crossing ranged 
from 1.39 to 8.64 pH units.  This indicates a range of sulfide or organic matter levels with a 
highly variable potential to oxidise and generate acid 

• Fifty-five (55) samples returned pHFOX values less than pH 3.  This strongly indicates a PASS.  
These samples also decreased from pHF values by more than 1 pH unit   

• Thirty-seven (37) samples returned pHFOX values less than pH 4.  This indicates a PASS, 
however a comparison with laboratory results was considered necessary.  These samples also 
decreased from pHF values by more than 1 pH unit 

• Thirty-four (34) samples returned pHFOX values between pH 4 and 5, all of which decreased 
from pHF values by more than 1 pH unit.  These values are less indicative of PASS and were 
considered to require laboratory testing for the assessment of PASS 

• All other 117 remaining samples, returned pHFOX values greater than pH 5.  This indicates a 
comparison of laboratory results is required as these samples are neither AASS nor PASS.  
Notably, however all soil surface samples, which originated from terrestrial sources (i.e. brown 
silty clay), with the exception of MF09, MF21, and MF22, returned pHFOX values just below pH 7 
or above.  This would normally suggest an absence of potential acidity within this soil type 

In summary, these screening results indicate limited actual acidity within both the sub-tidal and mudflat 
portions of the study area (with the exception of MF20 and MF21).  They also suggest, that a portion 
of locations within the sub-tidal area (W1, W2, W3, W5, W6, W20, W21, W22) [approximately 36% of 
locations, but only approximately 6% of samples] are PASS. 

Ninety-two (92) out of 243 samples (approximately 38%) collected across nearly all locations (84% of 
locations) in the mudflats were indicative of PASS (with the exception of MF05-MF08 and MF12).  
These samples occurred within very dark grey silty clay or sand. 

Both pHF and pHFOX values for surface soils derived from terrestrial sources present within the most 
MF sample locations were either just below or above pH 7.  This would normally suggest the absence 
of actual and potential acidity within this soil type.  Notably, terrestrial soil where it occurs within the 
extratidal flat (refer Figure 2.1) is mapped as having low rating.  This is also where sample points 
MF05, MF06 and MF07 are located.  

Generally speaking, screening results do not provide definitive data which can be used to assess 
ASS.  They merely provide preliminary data from which subsequent test work requirements and early 
management strategies may be formulated.  Laboratory testing is always required to provide an 
accurate assessment of the presence of ASS.  This testing is described below.  

4.3 Laboratory analysis 

A total of 238 samples collected from across 52 locations in the Narrows sub-tidal crossing (81) and 
mudflats (157) were all submitted to ALS laboratories for Chromium Reducible Sulfur (SCR) analysis, 
the results of which are provided in Appendix 3.  These results, as well as actual acidity (TAA), net 
acidity and lime treatment rates, are also illustrated (reported in mole H+ / t) on Figure 4.1.  
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4.3.1 Actual acidity 

Actual acidity is assessed by the measurement of Titratable Actual Acidity (TAA).  The determination 
of pH potassium chloride (pHKCl) is a means of estimating the actual soil acidity which is used to 
calculate TAA.  The following results were reported: 

Narrows Sub-tidal (W samples) 

• Samples ranged in pHKCl values from 7.0 to 9.2.  As no soil samples tested returned pHKCl 
results below 4.5, samples were not tested for retained acidity 

• Samples collected from all locations within the Narrows sub-tidal crossing reported TAA values 
less than the laboratory detection level of 2.0 mole H+ / t.  This is also less than the QASSIT 
guideline of 18 mole H+ / t.  This indicates all samples collected have very little or no actual 
acidity.  This result is expected as all sampling locations are continuously submerged and 
therefore in an anaerobic state 

Narrows Mudflats (MF samples) 

• pHKCl values ranged from 4.4 to 9.0 with only one sample (MF21/0.75-0.85) returning a pHKCl 
value less than 4.5.  As a result, no soil samples, with the exception of MF21/0.75-0.85 were 
tested for retained acidity.  Retained acidity is the acidity generally stored as insoluble 
compounds such as jarosite or other iron and aluminium sulfate minerals.  The retained acidity 
measured within MF21/0.75-0.85 was 33 mole H+ / t.  Interestingly, no jarosite or mottles were 
noted for this location.  Furthermore, no jarosite was noted at any mudflat sampling locations  

• TAA values ranged from less than the laboratory detection level of 2.0 mole H+ / t to 68 mole 
H+ / t with nearly all locations exhibiting some levels of actual acidity.  Locations with samples 
which exceeded the QASSIT guideline of 18 mole H+ / t were located within intertidal and 
supratidal flats.  These samples were also generally collected within the top 1m of the soil 
profile, with the exception of MF21, MF23 and MF29 where TAA concentrations exceeding the 
QASSIT guideline were reported within the top 1.5mBGL.  TAA values for samples collected 
deeper than approximately 1mBGL, or 1.5mBGL in the case of MF20, MF21 and MF23, were 
below the QASSIT guideline of 18 mole H+ / t indicating an absence of actual acidity beyond 
this depth 

• Higher levels of actual acidity occur in MF20 to MF23.  These sample points appear to be 
located on a subtly elevated area of the supratidal flat (refer Figure 2.1) 

• TAA values of all samples collected within brown silty clays derived from terrestrial sources, with 
the exception of MF18 and MF21 were either below laboratory detection level of 2.0 mole H+ / t 
or below the QASSIT guideline of 18 mole H+ / t.  This result indicates an absence of actual 
acidity within this soil type and confirms field screening tests described above 

• Locations where all TAA values were reported below the QASSIT guideline of 18 mole H+ / t 
included MF05 to MF08, MF12, MF14, MF15, MF17, MF24, MF25, MF27, MF28 and MF32 
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4.3.2 Potential acidity 

Potential acidity is assessed through the measurement of SCR.  The following results were reported: 

Narrows Sub-tidal (W samples) 

• SCR values ranged from 0.03 to 2.12%S, all of which are above the QASSIT guideline of 
0.03%S.  These values were reported across a range of depths from all locations 

• Approximately 26% of samples collected from the Narrows sub-tidal crossing were considered 
high with SCR values greater than 1.0%S reported.  These high values were reported in samples 
collected on either side (east and west) of the sub-tidal crossing (i.e. W1 to W6 and W17, W20 
to W22) 

• Approximately 27% of samples collected from the Narrows sub-tidal crossing were considered 
moderately high with SCR values ranging from 0.5 to 1.0%S.  These moderate SCR values were 
similarly reported for samples collected on either side of the sub-tidal crossing (i.e. W1 to W9, 
W14 and W19 to W21) 

• Approximately 47% of samples collected from the Narrows sub-tidal crossing were considered 
low with SCR values less than 0.5%S reported.  The lowest SCR values were generally reported 
for samples collected within the central portion of the sub-tidal crossing (W9 to W19).  As 
described in Table 4.1, this area contained mixed sediments but had a lower proportion of fine 
material, the majority of which is thought to have been removed by currents (refer Section 4.1).  
Only a few samples (W6 to W8 and W20 to W22) collected from both the east and west sides 
were reported with low SCR values 

Narrows Mudflats (MF samples) 

• SCR values ranged from 0.02 to 2.94%S.  Samples with SCR values below the QASSIT guideline 
of 0.03%S were generally reported surface samples collected from MF01, MF02, MF08, MF10, 
MF22 MF23 and the entire profiles of MF05 to MF07.  All remaining samples, collected over the 
full depth of sampling, were above the QASSIT guideline and were generally collected within 
very dark grey silty clay or sand from the existing ground surface to refusal depth 

• Approximately 51% of samples collected from the mudflats were considered to have high 
potential acidity with SCR values greater than 1.0%S reported.  The majority of these values 
occurred in samples collected on the seaward side of Targinie Creek within intertidal and 
supratidal flats ranging in depth from near ground surface to depth of refusal.  High values were 
also reported for the landward intertidal and supratidal flats. This result is similar to those 
reported by Ross (2002, 2004 and 2005) and indicated by ASS hazard mapping (A0S0) (refer 
Figure 3.3) 

• Approximately 11% of samples collected from the mudflats were considered moderately high 
with SCR values ranging from 0.5 to 1.0%S.  These moderate SCR values were similarly reported 
for samples collected near surface and to the depth of refusal across both the supratidal and 
intertidal flats 

• Approximately 38% of samples collected from the mudflats were considered to have a low 
potential acidic with SCR values less than 0.5%S reported.  The lowest SCR values were 
expectedly reported in samples collected within soils derived from terrestrial sources.  As 
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mentioned in Section 4.1, these soils were noted at most locations within surface samples or 
where the supratidal flats interfaced with the extratidal flat (i.e. MF05 to MF08) 

4.3.3 Acid neutralising capacity 

Acid neutralising capacity (ANC) is a soil’s natural ability to buffer acidity either through the dissolution 
of calcium and/or magnesium carbonates (i.e. shells), cation exchange reactions, reaction of organic 
and clay fractions or other soil minerals.  The effectiveness of neutralisation can be hindered 
somewhat depending on the available forms of acid buffering.  For example, where carbonates are 
stored in coarse shells, acid buffering may not be readily available.  In the laboratory, samples are 
ground making any carbonates (such as shell fragments) more available for neutralisation therefore 
‘over estimating’ ANC.  This is somewhat accounted for by 1.5 correction factor incorporated into 
liming rates (refer Section 4.3.4).  The following results were reported: 

Narrows Sub-tidal (W samples) 

• ANC values ranged from 128 to 7440 mole H+ / t and were detected within all samples 
submitted for analysis 

• Most ANC values are expected to have originated from shells noted within profiles (refer 
Appendix 1) 

Narrows Mudflats (MF samples) 

• ANC values ranged from 25 to 2370 mole H+ / t and were recorded at various depths from 
nearly all locations with the exception of MF04.  Notably, it was only detected within the top 1m 
of MF05 to MF08 where terrestrial soil was dominant 

• Most ANC values are expected to have originated from shells noted within profiles (refer 
Appendix 1), with the exception of MF05 to MF08 where the inherent mineralogy of the 
constituent clay fractions are likely to have contributed to any acid buffering 

4.3.4 Net acidity and liming 

Net acidity is the final measure of acidity within a sample once the acid neutralising capacity has been 
subtracted from the sum of all acid (actual, potential and retained).  The following results were 
reported: 

Narrows Sub-tidal (W samples) 

• Net acidity ranged from less than the laboratory detection level of 0.02%S to 1.54%S.  Up to 
72kg of lime will be required per tonne of soil at some locations to neutralise acidity, while no 
lime will be required at others.  Locations where no net acidity was reported were sample points 
W7 to W18 

Narrows Mudflats (MF samples) 

• Net acidity ranged from less than the laboratory detection level of 0.02%S to 2.96%S.  Up to 
138kg of lime will be required per tonne of soil at some locations to neutralise acidity, while no 
lime will be required at others.  Locations where no net acidity was reported were sample points 
MF05 to MF07 and MF12 
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The results for liming rates have been categorised according to QASSIT guidelines.  These have been 
colour coded and illustrated on Figure 4.1 and Appendix 3.  These categories are provided in Table 
4.2. 

Table 4.2 Treatment categories 

Category Liming rate (kg lime / t soil)

L Low treatment ≤0.1 

M Medium treatment 0.1 – 1 

H High treatment 1 – 5 

VH Very high treatment 5 – 25 

XH Extra high treatment >25  
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5. Summary of investigation 

The purpose of this assessment was to assess the risk of disturbing AASS and PASS along the gas 
pipeline Route 3H.  This risk was assessed in conjunction with previous information presented in 
reports such as that by Ross (2002, 2004 and 2005).  This existing information indicated that ASS in 
The Narrows area is classified as having a high potential for acid generation at varying depths within a 
number of landforms comprising tidal creeks, intertidal flats and supratidal flats (Ross, 2002). 

Other investigations undertaken by GLNG (GeoCoastal, 2009) and QCLNG (ERM, 2009) confirmed 
this hazard by reporting %S values up to 3.95%S and 2.0%S respectively within grey silty clays which 
were capped by a soft to firm and generally non-acidic silt / clay (ERM, 2009).  A second investigation 
also completed by GLNG (URS, 2009) reported minimal actual acidity in samples collected within the 
supratidal flats, but significant levels of potential acidity closest to the coastline within intertidal flats.   

A summary of this investigation is provided in the following sections. 

5.1 Soil type 

Narrows Sub-tidal 

There were three generalised profiles which were encountered within the Narrows sub-tidal area.  
These were divided into the east, west and central areas of the channel.  Both the east and west sides 
were indicative of material encountered on their respectively adjacent landforms (i.e. Curtis Island to 
the east and the mudflats to the west).  Sediment profiles of these two areas generally comprised of a 
very weak silty layer on the surface which graded into weak silty clay to approximately 1.0m.  Below 
this depth, firm to very firm silty clay was encountered.  All profiles generally contained appreciable 
quantities of organic material and shells and often had a sulfurous odour.  

The third profile encountered in the Narrows occurred within the central area.  Here mixed sediments 
with a high proportion of coarse materials were encountered as the majority of fine sediments are 
thought to have been removed by strong currents.  Here, vibracore refusal depths were shallow due to 
the abundant coarse fragments and shells.   

All profiles encountered in the Narrows sub-tidal area were PASS.  

Narrows Mudflats 

The mudflats are comprised of a number of landforms: tidal creeks, intertidal flats, supratidal flats and 
extratidal flats, all of which are traversed by the proposed gas pipeline route.  The surface soil profiles 
of the landward (west of Targinie Creek) intertidal and supratidal flats are influenced by the deposition 
of sheet wash material eroded from adjacent terrestrial sources.  This was evident as very firm brown 
silty clay on the surface which was generally non-acid as described in Section 5.3.  Where locations 
were tested on or adjacent to the extratidal flat (MF05, MF06, MF07, MF08), this surface layer graded 
into a firm, greyish green to grey silty clay which was also generally not PASS at these locations.  
However, where this greyish green to grey silty clay occurred closer to mangrove vegetation (intertidal 
and supratidal flats) [i.e. MF09, MF10, MF13], laboratory results indicated these soils were PASS.  A 
very firm brown with yellowish red mottle silty clay was also encountered on and adjacent to the 
extratidal flat.  This was also not PASS. 
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The very firm brown silty clay surface layer described above also occurred on the intertidal and 
supratidal flats east of Targinie Creek.  However, this layer is PASS, and in some instances AASS, as 
it was generally very thin and intermixed with subsoil profiles.  Below this surface horizon in the 
supratidal flats, a weak to firm, dark to very dark grey silty clay was encountered down to 
approximately 1.0mBGL.  This layer continued to approximately 2.0mBGL, but with few fine shells.  
This was considered a separate profile as indicated on Figure 4.1.  Both these layers are PASS. 

Two profiles were encountered on the intertidal flat adjacent to Port Curtis: firm, dark grey silty clay on 
the surface and a weak to firm dark to very dark grey silty clay down to approximately 2.5mBGL, both 
of which are PASS.  The second profile is also common to the supratidal flats. 

Very shallow groundwater was encountered at all sample points across the mudflats.  This ranged in 
depth from 0.2mBGL to 1.0mBGL or obviously fully saturated in the intertidal zone.  The brown silty 
clays were generally dry (i.e. MF06, MF07, MF08), however the remainder of the profiles across all 
mudflat sampling locations had some moisture. 

5.2 Field screening tests 

In this investigation completed for Australia Pacific LNG, field screening tests carried out on 369 
samples indicated that there was limited actual acidity within both the sub-tidal and mudflat portions of 
the study area.  Within the sub-tidal portion of study area, this is an expected result as the sample 
locations are submerged.  However, a greater proportion of samples were expected to have actual 
acidity along the mudflats as this area is intermittently exposed to aeration through tidal variation 
therefore allowing oxidisation.  The results recorded however may be attributed to the residual 
saturation of soils.  For example, at the time of sampling the standing groundwater level ranged from 
0m (due to high tides) to 0.83mBGL with nearly all samples collected retaining some moisture which 
would therefore restrict oxidisation.  The pHF measured is generally consistent with data reported 
within the GLNG and QCLNG reports mentioned above. 

pHFOX values for approximately 36% of sample locations within the sub-tidal portion (W1, W2, W3, W5, 
W6, W20, W21, W22) were indicative of PASS, while nearly all locations on the mudflats (with the 
exception of MF05-MF08 and MF12) [approximately 38% of samples] collected within very dark grey 
silty clay or sand were indicative of PASS.  Notably, these tests indicated samples collected within 
brown soils derived from terrestrial sources were generally not PASS.  This is consistent with data 
reported within the GLNG and QCLNG reports mentioned above and SCR results discussed below.  

5.3 Laboratory results 

Laboratory TAA data generally agreed with the field screening tests conducted on samples collected 
from both the sub-tidal and mudflats areas, however TAA data for some near surface samples 
collected from the mudflats indicated there is some actual acidity above the QASSIT guideline of 18 
mole H+ / t, within the first 1m, and in some cases, first 1.5m of the soil profile.  These samples were 
located within the intertidal and supratidal flats.  Notably, a higher proportion of actual acidity occurs 
from what appears to be a subtly elevated area from MF20 to MF23 (refer Figure 2.1). 

SCR values for all samples collected within the sub-tidal portion were above the QASSIT guideline of 
0.03%S.  SCR values for all very dark grey silty clay or sand collected within the mudflats were above 
the QASSIT guideline of 0.03%S.  Only a few samples collected within the brown soil deposited from 
terrestrial sources reported SCR values above the QASSIT guideline.  These samples were generally 
collected within transitional layers which were a mixture of both brown sheet wash material derived 
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from the erosion of adjacent terrestrial landforms and very dark grey silty clay or sand.  Sample points 
where SCR values were below the QASSIT guideline for the entire profile collected included MF05, 
MF06 and MF07.  These sample points were located within an extratidal flat, which has been 
classified by DERM mapping as land with a low probability of ASS occurrence.  

5.4 ASS risk 

This investigation has indicated that specific ASS management measures will need to be applied to 
most areas of the mudflats to be disturbed with the exception of the extratidal flat located at MF05, 
MF06 and MF07. 

PASS were noted within each profile (with the exception of MF05, MF06, MF07 and MF12) tested on 
the mudflats and sub-tidal areas with potential acidity ranging from 0.02%S to 2.94%S.  Some 
locations were reported to have acid neutralising capacity sufficient enough to buffer net acidity to 
below QASSIT guideline levels.  However, where coarse shell fragments were noted (i.e. within 
surface layers of ‘W’ location borelogs), acid neutralising capacity may not be readily available (refer 
Section 4.3.3).  When an ASS management plan is developed, a review of treatment effectiveness 
from similar developments (i.e. Fishermans’ Landing dredge material disposal and reclamation) should 
be considered to validate treatment strategies and maximise treatment efficiencies.  

Based on the laboratory data alone and the proposed disturbance volume most soils located within 
mudflats and the east and west sides of the sub-tidal area will require an extra high level of treatment.  
As stipulated within the QASSIT guidelines, detailed soil management, monitoring and bunding plan 
will be required prior to the approval of construction.  The ASS Management Plan (ASSMP) will need 
to be developed in consultation and co-ordination with design engineers and DERM in order to 
achieve a balance between best practice ASS objectives and project engineering design, construction, 
logistics and cost.   

The ASSMP will need to consider the pipeline design and construction in combination with this 
investigation and existing data from other reports.  This plan will also need to address the potential for 
the generation of subsurface acidic conditions through dewatering and aim to minimise the potential 
for the development of an oxidising environment in the subsurface away from the excavated areas and 
hence reduce the potential for the generation of acidic ground conditions.  This plan should also 
incorporate storage, treatment and disposal of groundwaters and surface water (including tidal flows) 
where they are likely to affect earthworks operations. 
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6. Potential impacts 

The disturbance of Acid Sulfate Soils (ASS) in the Narrows area has been identified as potential 
impact.  

The proposed development poses a risk to the environment through disturbance of already acidic soil 
(AASS) and PASS causing oxidisation of sulfides and therefore the generation of sulfuric acid.  This 
disturbance, through the fluctuation of tides in the study area, rainfall and groundwater movement, 
may lead to the migration of acidic fines to the receiving waterways of the Great Barrier Reef World 
Heritage Area.  The potential impact of this acidic sediment to the environment may be the 
deoxygenation of waterways, release of heavy metals, such as aluminium and fish kills.  Where these 
impacts have the potential to occur or where environmental monitoring detects breaches in 
development conditions imposed by regulatory bodies, there is the potential for lengthy delays to 
construction. 

As described in Section 1.2, a fundamental understanding of the proposed works is required in order 
to describe the potential impacts of the development to the environment and the management 
strategies necessary to mitigate this impact.  At this stage, precise design and construction 
methodologies for the gas pipeline crossing of the Narrows have not been developed.  However, two 
potential broad scenarios are as follows: 

1.  A stand alone option in which Australia Pacific LNG would construct its gas pipeline in 
isolation from other proponents. This option will involve trenching across the mudflats portion 
and dredging across the sub-tidal portion. 

2.  A co-location option in which all four proponents gas pipelines will be constructed in one joint 
construction exercise as described in GHD (2010). This option will involve a single trench 
across the sub-tidal area adjoining two trenches (both with two gas pipelines) across the 
mudflats.  

Without considering detailed engineering aspects of each scenario, the following potential outcomes 
may contribute to the potential migration of acidic fines to the receiving waterways of the Great Barrier 
Reef World Heritage Area leading to deoxygenation of waterways, release of heavy metals, such as 
aluminium and fish kills. 

• Mishandling of soils through difficult transport and excavation logistics allowing excessive 
oxidisation of PASS and potential release of acidic fines into receiving waters 

• Inadequate treatment then reuse, leaving a legacy of acidity within soil which may then be 
released into receiving waters 

• Inadequate monitoring leading to the non-detection of low pH surface water and groundwater 
and its release into receiving waters 

• Inadequate water management leading to tidal / groundwater flushing of acidic sediments into 
receiving waters 

• Lack of emergency management leading to the inability to mitigate loss of acidic sediment, 
reduced pH and oxygen in receiving waters 

• Excessive disturbance leading to inadequate treatment of AASS and PASS 
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• Disturbance of highly acidic soil located within the intertidal (mangrove) flats which require an 
extra high level of treatment and therefore increased risk of mismanagement 

• Numerous occurrences of large volume ASS disturbance leading to increased likelihood of soil 
mismanagement 

• The volume of disturbed ASS requiring treatment will be significant.  Drying, treatment and 
validation timeframes may restrict construction progress where spoil reuse is required and may 
also increase the risk of non treated ASS remaining exposed.  Where very high lime treatment 
rates are required, i.e. >100kg of lime / t of soil, such treatment may not be practical and other 
handling options would need to be addressed 

The potential impacts identified above and practical solutions, incorporating the QASSIT 
recommended management strategies, will need to be addressed within the ASSMP to be prepared in 
liason with project design engineers and DERM representatives.  
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